SUMMARY A new self administered questionnaire completed by parents was used to study the prevalences of wheeze, shortness of breath, and cough in 2503 Southampton schoolchildren aged 7 and 11 together with exacerbating factors and background information including treatment and diagnosis. The questionnaire had a response rate of 84% and was found to be highly repeatable with respect to current symptoms. The overall prevalences of wheeze and shortness of breath in the current year (1986) were 12-1% and 8.5% respectively. Social class, home ownership, parental smoking, and presence of a family pet were unrelated to symptom prevalence. According to the parents the overall diagnosis rate for asthma was 9-5%. In common with other studies, however, we found considerable evidence for undertreatment. The symptoms of wheeze and nocturnal and morning breathlessness occurred more commonly in boys, but this sex ratio decreased with increasing age. The prevalences of wheeze and shortness of breath were similar in the two age groups. In contrast, there were only small differences between the sexes with respect to cough whereas, among children without wheeze or shortness of breath, there was a fall in the prevalence of cough from 18-9% at 7 years to 8-7% at 11 years. When controlling for the other respiratory symptoms, wheeze was the only symptom significantly related to parental asthma. The fall in the prevalence of cough between the two age groups is unlikely to be related to changes in asthma prevalence and, when not associated with wheeze, may be an indicator of separate pathology.
Studies of the prevelance of asthma produce widely varying rates even among European populations.' These differences may be largely explained in terms of varying definitions of asthma and undue reliance on general practitioner diagnoses. This is confirmed by the considerably greater concordance between studies with respect to particular respiratory symptoms. Reliable information can only be gained if wheeze has been defined and explained adequately to parents.2-4 In a cross section survey in Melbourne, Williams and McNicol recorded a cumulative prevalence of 19% for wheeze at 7 years. 2 Anderson et al reported a prevalence of 11% for wheeze during the current year in 9 year olds in Croydon. 3 Lee et al found a prevalence of 14-8% between school entry and 7 years in northern England and showed reasonable concordance between a questionnaire history of wheeze and a clinical diagnosis of asthma defined by 'episodic airways obstruction characterised by wheeze or breathlessness'. 4 Using a similar definition, the prevalence of asthma in 470 London children aged between 18 months and 11 years was found to be 1%.5 Although epidemiological studies on the prevalence of wheeze avoid difficulties over the definition of asthma, the possibility arises that the symptom of wheeze may occur in disorders other than classical asthma. In childhood asthma, other symptoms, particularly cough and breathlessness are also known to be important. There have been a number of reports of cough being the sole presenting symptom of asthma,69 however, the prevalence of this and other respiratory symptoms in childhood and their importance in the absence of wheeze has not been well studied.
A number of factors are known to affect the prevalence of asthma or the symptom of recurrent 1118 Prevalence of respiratory symptoms among 7 and 11 year old schoolchildren 1119 wheezing during childhood. The tendency for the symptoms to improve with age is well known,10 11
although longer term follow up shows later recurrence.'214 Boys have a higher prevalence of asthma in childhood but this difference disappears in adults and may be reversed in some age groups.15 Asthma is said to be diagnosed more commonly in the upper social groupings and home owner occupiers. 16 Fathers are less likely than mothers to admit to symptoms in their children.17 A variety of factors have also been implicated in the pathogenesis of episodic wheezing and asthma and include inheritance,120 viral infection,21-23 exposure to common allergens,24 25 and parental smoking 26 27 In this study we have used a new questionnaire developed to explore the prevalence of common respiratory symptoms in schoolchildren and their association to each other, the diagnosis of asthma, and genetic and environmental factors.
Subjects and methods

SUBJECTS
All children in their third year at 55 Southampton first and middle schools were studied by parental questionnaire over a six week period during the second half of the school summer term. The standardised movement of children between classes conveniently divided the children into two almost exact one year age ranges: 6-8 to 7-8 years in first schools and 10.8 to 11-8 years in middle schools. The schools comprised 30 of the 40 first schools in Southampton, 18 of the 28 middle schools, and seven of the 10 combined first and middle schools. Altogether questionnaires were sent to the parents of 2981 children. Questionnaires were delivered to the schools and given to the children to take home and they, in turn, returned them to the school when they had been completed. The local education authority would not allow release of names and addresses of children by the schools, thus although it was possible to calculate return rates, we were unable to obtain comparative information on children not returning questionnaires.
QUESTIONNAIRE DESIGN
In view of the lack of a complete and well validated respiratory questionnaire for use in children suitable for a study of asthma, a new questionnaire was designed. The project demanded a self administered questionnaire that was simple to complete by parents and likely to result in high compliance. The length of the questionnaire was limited to six sides of 'A4' paper.
Wheeze and dyspnoea were identified by the questions: ' Further information characterising the current symptoms was obtained using questions aimed at identifying exacerbating factors. Information was further sought on chest pain or discomfort which has been described as a presenting symptom of asthma.5 Morbidity was briefly assessed using two questions -one on hospital admission and the other on number of days of school lost during the past year. The last part of the questionnaire provided background information on the children. Medical diagnoses given to the parents relating to the child's chest problem were sought together with any current medications being used. Questions on parental smoking habits, household pets, and parental asthma were also included. Social status was defined by enquiry of each parent's occupation and the family's accommodation whether rented or owner occupied.
REPEATABILITY AND VALIDITY TESTING
The repeatability of the questionnaire was tested by readministration to 200 parents. Children were selected with an increased preponderance of positive answers to the key questions on wheeze, cough, and shortness of breath: 50 cases denied all symptoms, 50 had wheeze alone, 31 shortness of breath alone, and 69 both shortness of breath and wheeze (the odd numbers in the last two groups resulted from the small numbers in the shortness of breath only group). Parents were only asked to fill in the sections on respiratory symptoms to improve compliance. The questionnaire was readministered four months after the original questionnaire in an attempt to avoid deliberate mimicking of previous answers but making a major change in symptom incidence or severity unlikely.
STATISTICAL ANALYSIS
The Statistical Package for Social Sciences edition X was used for categorisation and analysis of data.28 Correlations between variables were calculated using the x2 test or, when controlling for other variables, the Mantel-Haenszel test. Repeatability of questionnaire replies was calculated both in terms of percentage agreement and by calculation of x, which is an index of repeatability described by Cohen, 30 calculated by the formula: Po-Pc/i1-Pc where PO represents the proportion of agreement for the question and Pc is the proportion of agreement expected by chance. It is thus independent of chance agreement so that comparison can be made between The associations between each of the three symptoms were found to be highly significant (p<0-001 for each association controlling for the remaining symptom by the Mantel-Haenszel test). The higher prevalences of wheeze and shortness of breath in boys are reflected in the higher proportion who had been admitted to hospital both in the current year and since birth with these symptoms. Nearly 5% of the whole group and 7% of 7 year old boys had been admitted to hospital with wheeze or shortness of breath. The higher prevalence of nocturnal 'chestiness' among 7 year olds, compared with 11 year olds, was highly significant (p<0-001) and may reflect the higher prevalence of nocturnal cough. The increase in chest pain or discomfort between 7 and 11 years is also significant, but only occurred in girls and thus is unlikely to be related to the other respiratory symptoms.
Analysis of the responses to questions on when respiratory symptoms first occurred, whether they were current, and when they last occurred was used to calculate prevalences for wheeze at each age from birth onwards. These calculated prevalences are likely to be inaccurate due to recall bias and are, therefore, not presented here. Because the degree of bias is likely to be similar between the two sexes, however, we could make observations on the differ- 'specific' symptoms of nocturnal or morning breathlessness could be shown. Highly significant associations were observed between symptom prevalences and the sex of the parent completing the questionnaire. The impression was gained during the second part of the study that the father was less likely to complete the questionnaire if the parents perceived illness in the child. No data were collected, however, which would measure the relative importance of this possibility or the possibility that under reporting of symptoms by fathers was occurring. TREATMENT The prevalence of 'asthma' as a diagnosis given to the parents was 9-5%. The types of treatment received by the children are listed in table 3 . One third of children with current wheeze or shortness of breath who had a diagnosis of asthma were using an inhaled bronchodilator alone, one third were taking prophylactic medication with or without bronchodilators, and one third were on other regimes or receiving no specific treatment. One in five children with cough were receiving medication appropriate for treating asthma, of whom nine had cough as their only symptom; the remainder had cough in association with wheeze or shortness of breath, or both. wheeze were the most repeatable and those on shortness of breath and chest discomfort least repeatable with the cough questions being intermediate. We also recorded high levels of repeatability for questions on school loss and hospital admission.
We have confirmed a lower prevalence of respiratory symptoms when the questionnaire was completed by the father.'7 It is possible that fathers were less likely to fill in the questionnaire in the case of illness in the child because of their smaller role as carers.
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Certainly symptoms were most prevalent in children where both parents had completed the questionnaire in conjunction, presumably reflecting increased parental involvement and concern. This impression appeared to be confirmed during the second phase of the study where one of us had the opportunity to meet a large number of the parents.
The design of the study, however, did not enable us to measure the extent to which under reporting of symptoms by fathers may have been occurring. Fortunately only 9% of questionnaires were completed by the father alone. Clearly, this problem is likely to be common to all such epidemiological studies, including adult studies where males could under report their own symptoms. The sex of the responder to the questionnaire was not related to other factors such as sex or age of the child and, therefore, is not likely to represent a confounding influence upon the associations between these factors and respiratory symptoms.
The prevalence of wheeze in the year preceding the questionnaire (current prevalence) was found to be 12-1% and the cumulative prevalence from birth was 18-8%. These figures are comparable with those reported from other studies in western countries when a similar questionnaire format was used. [2] [3] [4] However, there are little published data on the prevalence of other respiratory symptoms in childhood. Shortness of breath, although not occurring as frequently as wheeze, is a common complaint as indicated by a current prevalence of 8-5%. Approximately one third of parents of 7 year old children and one quarter of all parents believed that their children coughed more than others. Nocturnal cough occurred in 14-2% of the total childhood population studied and reached as high as 18-2% in 7 year old boys; however, only half of children with recurrent cough had associated wheeze.
In this study we have confirmed previous observations of a higher prevalence of wheeze in boys when compared with girls. Overall 1-37 times more boys had wheezed during the current year. These differences were reflected in the higher prevalence of shortness of breath among boys compared with girls with the greatest differences occurring in the prevalences of shortness of breath at night and in the early morning. In contrast the differences between the sexes with respect to cough were small and only just reached significance for the current 12 months with insignificant differences for nocturnal cough. Variations in symptom prevalence between the two age groups were also recorded but differed from those occurring between sexes in that they related only to the symptom of cough. A 30% decrease in the prevalence of problematic cough occurred between 7 years and 11 years, which was not accompanied by a change in the prevalence of wheeze. Indeed the most dramatic fall in cough prevalence from 18-9% at 7 years to 8-7% at 11 years occurred in children without associated wheeze or shortness of breath.
Calculation of annual prevalences of wheeze by gender revealed differences between boys and girls. Boys reached their peak prevalence of wheeze by 5 years, but in girls a gradual increase in prevalence continued up to the age of 8 years resulting in a progressive and highly significant decrease in the male to female ratio for wheeze with increasing age (figure). These trends in prevalence and male to female ratio are in line with data published from national morbidity statistics relating to asthma in general practice,1 and therefore would be worthy of further prospective study.
The presence of asthma in one or more of the parents had appreciable effects on the prevalence of respiratory symptoms in their children. Both wheeze and shortness of breath were reported twice as frequently and cough was 1*4 times more prevalent in this group of children. Although shortness of breath and cough were related to the presence of parental asthma, the association disappeared when we controlled for the symptom of wheeze. In contrast, wheeze remained strongly related to parental asthma even when controlling for both cough and shortness of breath. Assuming that parental asthma is responsible for an increased prevalence of asthma and no other illness in the offspring, wheeze must be a key symptom of asthma with cough and shortness of breath being related but subordinate symptoms. The latter finding, the small male to female ratio in prevalence of cough, and the fall in cough prevalence between the ages of 7 and 11 years with no associated drop in the prevalence of wheeze all point to recurrent cough being of low specificity as an epidemiological marker for asthma.
We were unable to show an association between wheeze or other respiratory symptoms and home ownership or parent's occupation. The assocation between respiratory symptoms and parental smoking reported by Bland et al was found from a questionnaire filled in by the children themselves.26 The absence of an association in our parental questionnaire may represent a degree of denial or lower expectations among parents who smoke. The repeated personal interviews and examinations in the study of Cogswell et al may well have avoided this problem. 27 It is reassuring that the prevalence of wheeze was no greater among the two thirds of children with a feathered or furry pet despite the clear importance of animal danders as precipitants of attacks in those with pre-existing asthma.
A remarkable number of children were reported by their parents to 'have been in hospital with asthma. This is likely to have been reliably reported in view of the importance of such a life event and the good repeatability of this question. The observation that fewer 11 than 7 year olds were admitted to hospital, however, might suggest that parents may have failed to recollect some admissions. The rates for the current 12 months are nevertheless likely to be accurate. Altogether 115 of the children had been admitted to hospital with wheezing or breathlessness comprising 4-9% of the sample including 4% during the previous 12 months. It The proportion of children (9-5%) whose parents had been told they had asthma was only slightly lower than the 12-1% current prevalence of wheeze. These figures compared with just one eighth of the 9-3% of children identified as having current wheeze who had received a diagnosis of asthma in the study of Lee et al in north Tyneside.4 Our diagnosis rate also compares favourably with the 7*8% reported by Heijne den Bak in a training practice in west Cumbria. 38 Levy and Bell reported a diagnosis rate of 11% but in a practice with a special interest in asthma.5 The proportion of middle class parents and home owners in this study was high in comparison with the likely range in some inner city environments. Presumably these parents would have higher expectations for accurate diagnosis and effective treatment of their children if they were having disabling symptoms. Despite the apparently excellent diagnosis rate, we found evidence for considerable under treatment of asthma symptoms, as reported in other studies.31 32 Fewer than half of children with current wheeze were receiving any appropriate treatment. When the children who had received a diagnosis of asthma and had experienced shortness of breath or wheeze during the current year were analysed, more than a quarter were not receiving any form of antiasthma treatment. Fifteen percent of the children with diagnosed symptomatic asthma were missing more than 20 days of schooling each year, and less than half of these were receiving a prophylactic medication with 9% not receiving any treatment at all.
In conclusion we have developed and tested a new questionnaire for examining the prevalence of respiratory symptoms in children. When applied to a large population of 7 and 11 year old schoolchildren the symptom of wheeze most closely paralleled the diagnosis of asthma with respect to male:female ratio and association to parental asthma. Moreover the high prevalence of cough with or without wheezing and an appreciable decrease of this symptom by the age of 11 years identifies a major respiratory problem in schoolchildren, which is not closely associated with asthma but rather is probably associated with recurrent viral infections and later acquisition of immunity. The study showed strong evidence for under treatment of asthma despite a high diagnosis rate.
